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A process is described for uniformly :Mlltrntinfi woven
carbon cloth with either tltanhm diboride or boron carbide
at reduced pressure (15-25 torr). The effects of dep(wition
temperature on the.uniformity of penetration nnd on coatinZ
rate are described for temperatures from 750 - l.f)OooCand de-
posit loadings from 20 - 43 vol. Z. Fo( Ihc horrm carhfdcc,
boron composition is discussed and t Jidence is presentd su[:-
gesting that propene is the dominant rn~c controlling rear.r-
ant.

I. INTRODUCTION

A major materials prohlernencounccrcd in “[:lM*developmtmt of Tok:~.-
mak fusion reuctors is the lack of satisfactory heat sflnkmnfcri:ll.s fnr

use in limiters, wall armor, beam ~tops. etc. Prcfcrrahly th(~st?com-
ponents should contain only low-atomtc number clement::LO m.llli.ml::u

plasma quenching by hem-induced, sputterud products, in nddl.tinllLO
having a high melting temperature nnilgood thzrm.11ftit.igueresi:;t:um-c.
Of the monolithic ceramic msrerial~ available, only firaphltemeetf;
these criteria; however it has an unacceptably h.[gherosion rate CIUI?
to its high chemical reactivity ~lth the char~cd hydrogen iEi(J~C)~&[; in

the beam. Coating monolit?”icgraphftc shapes with x~’fractory,lrJw
atomic-number carbides or :Iorldesfor protect:lunfrom the Tokarnakat-
mosphere has been proposed to lessen these problems; however, bccauoe
of the differences in thermal expansion and conduct’.vity(between~raph-

ite and the coatings), spallation of the coat(exposing the Eraphitc
surface) may occur dur:lngoperatton.

Riley, et al have nuggested that thu spallation proh”l.emcould l)u
essentially eliminated by cnmbhing the ~rnphite nnd protective cont-
ing in the form of a f:l.lnmentrcinfurced composite. Thi~lCOUI{ILJn
accomplished by the chcsm[calvapor depo.+itionof carbide.%nr ?MlrM.?:i
on graphite cloth in such n way as to c:i~ii a c,-Jchindividual fil.mIwnt,
fullowed by hot pressJ.lv{n stack of the co~.”.Ix.lcl.oth~.Intna fIIlly



densf~p]:ltc(l). The rusult.nntstructure would show a ccmt.inuo~l:+nei-
work of c.arbicleor boride reinforced with fir;lphitcfjl.anwnts,c~ssent-.
ially eliminating adherrnce and spalling probl.mv-. If the coating icI
ruptured, the damage would be restricted to tlm individual f~lamantn
involved, and attack cf the graphite by hydrogen or by sputtcwing min-
imized. Further, the filament reinforced co,mpmlte nhoul.dhav~’super-
ior strength properties and should exhibit excellent thermal ::ho(:kand
thermal fatigue propertics(2,3).

In this :,tudywe describe a technique ior prcparinfis(lcllgraphite
filament reinforced titan:hm diboride an? lmron carbide compo~~t(~s.

II. EXPER”UWNTAL PROCIIIH)[JRES

Deposition wa~ carrl.cdout at n reducwl prnssurc!of 35 I.(J25 Lorr
in order to enlmncc dil”fusiun 01 the co:ItlI!~L fia~w:; .Lnlx) t.lm:Inlerilw
of the yarn ntrands to promote uniforildcpus~t.jonon ,11.1fil:un!~nt~j.
The reduced pressur<’‘isa~hicvcd by ML%l:IS (If ~ l]i.f;ll f;pfx!d CC’ntl.~fU[;il~

pump using water ns tl:l’plmlpingfluid. For LlleC\lJ),Sasenll:irlll.orid(’s
of boron and titanium wmr fiuneratcdby cl”lrccl:cl)l.f)rl.llaL”l.oll of Llic
el.ments at 575” and 400”, ].i~~p~~t.fv~ly. TIIi~ I)f:l’j aIMI/tnr ‘IiCltl wc!r(~

mixed with hydrogen down strr.a.mfrom the chhrinutors and theu intr{)-
duced into the conting chamb*r. ~Or the bO1-oll ~ilrb~.(le C.O~till~, ~3116
was wldcd to the hyclro~enm n carbun source.

111. IiX1)IH{lN!’:f7Al. RU!;lfT:l’S ANI)D’f.!;CIJSST.O!{

l’llc prl.m.ary rmpll:l :i:; of Ulliti Ullldy W;l ; to d(!t(’rm[ll(’ I:r?f !: or c!(I:ll.,-



ing parameters for T1B2 and boron carbide dcposlthm whic!lwoLlldallow
uniform coatlug of t!lefilaments wittdn l.llcclntli,~~!+f!nll)l:!~:i~o

TITANLLIMDIDORIDE COAIYD CLOTII. ‘~ilbl~1 SIIOW:: [.h[* process Ras—.
flow =es used to prepare titanium diborjdc crmtini:s. !iill(’1’ x-ray alIaly-

Tnble 1. Titanium diboride deposition lJ.~r~mCtCJrS

Chlorine flow LCIboron chlorinator (cm3/min) 201
Chlorine flow to titanium chlorinator (c.m3/min]J.34
Hydrogen flow (cm3/min) 6000
IIupositiontemperatures (“C) -/Oo-l!;ao

DepositIon t.hes (rein) 240-44.5

SIS showed only TiIJ2, :Ind siIIcc ‘J’iH:2 lI:Ii: ;I very sm;ll”l Il(mlil;;(illeltyr.lngtl,
no analys[s Fnr boron ccm:)osi-t ion WilS cnrt i{!d c~IIl,(!>).



Table 2. Propert”Lc9of TiB2/C compo:ilLf~mal”f:riill

Composition (vol. Z *L’iB2) 38
Density (g/cm3) 2.83
Flexure strength (MPa) 108

TiB2 lattlce spacings
b+fore hot pressing ae = 3.039 ~, r- = 3.207 ~
after hot pressiug au “ 3.039 ~, C- z’3.232 A

integrity. Irrespective of whether thitiwas caus~d hy jnc~pient melt-
ing at the pressing temperature, or a solid utal”creaction, it is
detrimental to the flcxuic strength. Wlli.lctlif?flexure st.rcngthSh(JWll

in Table 2 is higher than that for Tl~:Z-Cparticulate composites, LIW
value should have been significantly hifilwrLf rcor~;anlznti.(:nruul.d
have been avo[ded.

BORON CARBIDE COATED CLO’111.Table 3 civc n i:yp~r.nl.stIL of pro-.-——- —— --..—-
ccss paramet~rs used for d~’positionof boron cnrl)~du. Sinco X--rily

Table 3. Typical boron cnrbl.dcdi!jilJS”[~i(Ml par:lmetr!r:;

Chlorine flow to boron Clll.ori]lator(rm3/mln) 3’?3
Propene flow (cn13/min) l/,.[J

lIydrogcnflow (cm3/min) 10100
Deposltinn ccmperaf:ure(“C) 9(M)
Depo~.ltlonrime (nlLn) 600



appear quite adequate for the hot prcs:+ing. At 1000 “C n dcfin Lte lnck
of uniform penetration .1::cvldcnt and tht’coated r.1.nLIIi.sunacceptable.
Based on theEe observations, the optimum coating tcmpcraturc is in tht!
range of 850 to 900 “C.

Figure 7 shows the variation of deposition rate w a functl”,l[Jf

cloth position in the stack for 850 and 900 ‘C, respectively. Over tlw
limited r.mge of deposlLIon rates studied; this variation Is ncnrly
linear, vh[ch all.ow~the production of un!fnrmly l.ondndsets ~f cloth
by reversing the stack Ht:quencefor a second crJaLing run with the s:ime
coating time duration. For 5 cloths, this proccdllrcproduces a Ioadinn
uniformity of t 4% and for 8 cloths + 7Z.

In order to better understand the vnrfatio[lof dcposltjon rate
with ];C13and C3116concuutratlon:;,four conl.111~riln:.wcru mad{”wlll”ru
these parameters were vnrLed Independently (T:IIJJ.P 4). Tk ratio nf the

Table 4. Effect::of BC13 and C3H6 on 11.*pcJ:;fI i(m rale

IIl,:luslt ic)ll
Deposition 13c13 C3~[6 rilL~ (c1oLII ~.)

Run (hml.o:~/mLLl) (ml M/m in)!Cw. (“c) .-,-... ----- —---- ------ ,-. .( P./Ill in).—— . . ....-..._- .. .

1 950 0.004!N! 0.0[103:?9 L).01.37!()
2 950 0.002!;0 o.000n29 0.O.I.09:{

3 900 0.008??{ 0.000714” 0.010!)3
4 900 0.00833 0.000567 0.(10s97



While the data shown follow the funcLhw~al dcpcndcncc of Lq. 1, it is
important to note that Lhr runs all had very similar nt.artinfi cc)ncli-

ticns. Undoubtedly there is a functional dependence on the partial
pressures of HC1 and }12,hut these dependenc~cs wt~renot decipherable
in the range of parameters investigated. However, for this range the
dominant rate controlling reactant is C3H6.

BORON CARBIDE-CARBON HOT PRESSED 131Ll~l?’CS.Two hot pressed billets—. —-— —
contaln@g27 and 43 vol. Z boron carbide, respectively, were prcparnd
at 2100 “C and 32 MPn. Thc<,esamples ware wade from cloth coated at

1000 “c. As discussed in the prcvfous section, material prep:lredat
this temperature lacks tiatisfactoryhoin~gellt’ity,and future s:mplc~
prepared from material deposited at 85(Iand ’100“(:arc cxpc:cI-ctlto
have a better microstructure and improved pr.!~erlics. The microstruct-
ure of the 27 vol..Z sample is shown in IPlfi.9. l;xccllcntcompacting
was achieved, but, rm in the case of TiB2/C hot pr(!tir~n~,t.llcintccrity
of tllcgraphite fibers nppcars to hawc b:;ondnma&wJ by rl”:lctjonwith
the boron carbldc. The data prcscnt(:din Fi:;.5 :;!lfig(:stL]Ii_Il th(? B:(:

ratio in these sumples is u 5. Since tl]n lJ-114C~:li~~tfc js q)prox~rnal

ely 2075 “C, liquid phase ~ljr hnve h~”impresent dllr:l:l~ hot pri:s:;~nfi
leadjn~ to reorganizat.lonof l!w gr.~pllitc [Ilmru. Tkli.sis Ilotlcxpcc.txd
to be n problem for hot pr~!s:?i~l~llr~~l]nrt+(lfrti:~mal:crinl.contcxlIn tlw
range of 850 to 900 ‘C, Nlncc the l;:Cratio i::< 4 anrlLIIC1Jlil(;-C(:11-
tectlc temperature is approxhnil!”cly2375 “C(5). X-ray di[fraclill~
measurements on the hot-prcsswl s:::npl:’.~.sh,l:.:cdt]l,qtOtljc.lI’l]l)rl)ll(J n!. ~d-

posit hat!tr.msformed 10 h~xnr,unnlR~,C(n~ ==5.621 A, ru ‘ J.2.0!J3A).
The elcctricul conductivjtics of boLh !li)L pressud bil1,’tsarc S;IIC)WIIfin
Table 5.

Table 5. Electrical properLic!;of B4C/C composi~cs

Coclposltioll Density
(VCl~. ~ B4C) (fi/cn13)— ..——.

27 1.71
43 1.87
100* 2.47

—. -—
*31+Cpowder hot pru:lsetf

I?lectrlctll(kmductivj.ty
(fi-lcm-1)

.- .--—-- - .-...—...-.--.

441
204
28

at 2050 ‘C and 21 NPn.

IV. CONCLUSIONS



tively new matcrlnl, and especially n complt~teInck of cnq~iricalinfor-
mation on how it will actually behave when cxpo:;(dto a !l%bmk plasm.
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Fig. 2. TiB2 deposition rate as
a function of temperature.

—--- - - -...—--—- -—

1I

,-- —--- . -. —... ... . . . .- .-.,

---- ,... -. .,- . . ..-r..– .T -- . .

1
. -. --< ●

c

\

,. -d_- J._. .-._—i. . I
;bm mm WJ Imo 1100’
LAJOMTl~ TEMPER~rURE i%)

~ . ...g.o—..... -. 1-..

959 1000
OEPOSIIION TEMPE:+ATURE~)

Fig. 5. Composition 0[ boron
carbide deposits as a function
of temperature.

Fig. 3. Fraction on cloth of
total Til12deposited, us a
function of temperaturro

—--.-—- .—— . ..—---
■mcrahr -n

I

1

Fifi.8. Boron carbide ckposttion

L! i. .*.—.-–.—.. . ..-_.-.

“-A\

cl. . .

-- _.

Fig. 7. Boron carbide depo.+itiou
race as a function of cloth
pofifr.ion.



“.-‘ -“”& f, 2-.“.””:
i

.- .@. . . . ,
● ✎✎

$-.”:
“,

-. ....- ,,
...

. ..1
.“-

. .
,.- .
..-...
-..

“:. . .
b.

-.. .
. .,..

1

A’ -..

.. ~...

.#-., .*.:. - .-
.“

“. --.!.~,
. ...- .“.

,=.,.. .
‘. “;i ~ .. . . -.. .

A.
~- .

?. -b-”
“ %-. .- .,. ,

. . . :..
s.

b . ..s. d

.-

..”

.:- ,,.

.. . .

. .

.:. .

“+ ;%
.. . . .

,.
%.
.*”.. .“

-.
● .
#,. ,
.-.

..* .
-

40 urn
(a) (b)

Fig. 6. Uoron carhi de coated carbc~llclot11
as deposited at a) 850°C, h) 900°C and
c) looo”c.

.*- .I
m’,

i

. .
.

‘. .% 4-.. .‘ .!

-., .m.-. . .

. . 4
-4

... .. -,

,...*. ●
✎✍ “im-..

*.,
.. . . .“< %. :

. ‘%.. y.
..

,\.., .’: .--”
“’. *-

..” t>i,

.. -= ..” .:. ,.
. . . . . . . . . . ..

p “~..>.,
.“. “

.Cf
: “*”L . ,,

Fig. 4. Hot pre~sed TiB2/C
sample containing 38 vol.%
TiB2, 62 vol.~ C.

. . .. *...- . . .. . ... . . .. -
----- ... . .

IF,.....:.:. . . .
. . -. ..’-.:. -, ., . . . . .., . .. . . . . .... . --,, : ..- ““.

-. r-. . .. ,. ..;’. .m. - :
-“ ..

.s
--

. ..? . .
. . ,. . . --- - -., ..,,

..-. . . . . . . ‘J-. .:.:.- -----

--=++.. - ::-
=. -. .!+. . . . ,.. .. w 0 <.,.-..., .> h -.. ..”.

,;.+. . . ..-.. . . ..- “.+p=- , ~ . km.
.,-r

- “. .- b.”,. ● ....* ..,. ..: +-. .>:.-...: ,, =,. .
-<.. . %... +-..&. .%”. - .-., ----- .“. -.,-... . . . . .--: -~ . “..”,...; .. . . . -.

, -...:..!. .- **.

..7 . ,;..
<~.>:: . ~ >. -., . . b . . -

. . . . . . . . . .>-_:~... ,,, .<..-.
-. -.+, :: , “+ -:..’*. . *:’.;. , . ... -...-, .. .’ . ..* - -: ‘ .’ ,.. ...,+. -. . . -

-.
● ’:-

,.2:.’-! ‘: - .> .:, .. .
..’ . . . .-, -*

. . . . ,-:* Z,”--’”. .-~.~..- . . .
. . . .”””...-: , . . :....”..& .-,s~,. . ..

.“. ,, . . . . ...*’ . . . .,.’r=.. . . . .

I
&) \ltil

I


